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(54) FORMING METHOD OF CLEAN PRECISION SURFACE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate etchant residue from a precision 
surface having residue by eliminating the residue from the surface by exposure 
to supercritical fluid. 

SOLUTION: Supercritical fluid is pressurized in advance by a high pressure 
pump. The supercritical fluid is preliminarily pressurized at about 3000psi before 
it enters a process chamber 12. The preliminarily pressurized supercritical fluid 
is sent to the process chamber 12 containing a semiconductor specimen 
through an inlet line 22. The semiconductor specimen having reactive ion 
etching(RIE) residue is arranged in a specimen zone 16 of the process chamber 
12. The specimen is exposed to the supercritical fluid, under a condition 
sufficient to eliminate RIE residue from the specimen. The supercritical fluid is 
maintained to be higher than or equal to the critical temperature and the critical 
pressure. 




K 

LEGAL STATUS 

[Date of request for examination] 09.1 0.1 998 

[Date of sending the examiners decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



<19>0*BNMW (JP) 02) & |f§ i£f fft & $g (A) (U)*tttfM&H»* 

^¥10-125644 

(43)£HB «U0¥(1998) 5/!15B 

(51)lntCl. 5 MOTE* F I 

H0 1L 21/304 3 4 1 H0 1L 21/304 3 4 1M 

21/3065 21/302 N 

21/306 21/306 S 









7fea^ »*^0»34 OL 


(£ n JO 




«HH¥9 -278923 


(71) MBA 


390009531 














(22)ffiIPB 


¥^9^(1997)10^13 0 




X • 3-#Wva> 










I NTERNAT I ONAL 


BUS I N 


(31)«£*££#^ 


0 8/7 3 1 5 3 8 




ESS MASCHINES 


CORPO 


(32)«5fcB 


1996^10^160 




RATION 




(33)«5tt§£&© 


#® (US) 












7-^>^ (#iftfrL) 








(72)&i«# 


• V3> ' ^y*D^ 










T^UA'S*® 12524 




















? 5 








<74)ft3SA 


#«± «D * on© 













(54) ^J->^l^yy3>B»S 



(57) [Rfi] 

So 




(2) 



10-12564 



[MM 2] ffiEru-^^aVBB^s ¥-*f*Ktt, & 

rsct^aiirs, «m 2 e«© * y->7L 

* y - :/ l > > 3 > MM* i£o 
[ISM 5] m&m&ftmt^ Ar, CO. , ttzlt 

* <d\%£vbt- &hzt* ttz* m:m 1 1 S3*^ 

[tfM 6 ] ffiEffi*:, W70. 3 1 -#J4 2 1 . 8k 
gf/cm : (#j 1 0 0 0 — ft 6 0 0 0 p s i ) <TjE : .+) 

[«*JP7] ffiffiffi*. w4o-fi8o-co?a«THufia 

[1118] ffiEffi*. ft3 0#-ft2BSIffl<DlHk «E 

jtflsff«t*tzwrsc tt^a^-rs, iim i ce 

> y — ^ 7* I > > 3 ^ ffi^J56.-5iS« 
[IIM9] HijE*##tt**#* *«*^x^, 

[if mi o] man >ys>iip> T^bf-*>, 

^ , S i Oz , #47*^ K ■ 5>f * ■ *'J 
-f^H, ^V7;F, 7Jb;-^A, fi*£tr7Vl ^ - 
^ A, fl t W, T i, Ta, P t , Pd, I r, ;Cr, 

h tih&i*t>m& tut 
tmi&tsz t ^a^re, tmm 9 izimoj? y - 

[MSI 1] h9EIBE6^»i**, ffifflS9ti*ft-J-6C 

^ssatrss n*JHi^E«o->y->^i 

[§IM 1 2 ] BuEfiBWiSfc*, ft 5 0 0 r pm^ 
2 50 0 rpm^«»«;i:*8»i:ns 11*11 



[§IM13] BuEjBB^atftfcft-t, iSflDffJSfcttff 

cd y y - ^ r u- > v 3 ^ ffijfijsssis. 

[1IM14] «EiSflWJ*\ Ar, N? 0, NHs , 
N 2 , CHh , Cz H< , CHF 3 , C? He , n-C 

a, gg*il l 3 £ffi«® >'J-:-7i>>3; ffiff/.fiES 

[IIM 1 5 ] ffiE^BAIMItf. < J: t— ^© C 
Fx 1rtffi**^feJ|iffi*StlffJTS.5C:i:4fif«i:1-s, 
B*JH 1 3 (ZE»© J 7 !'-^ 7L i > Brt;fiE«iS. 

[Ml 6] iiuEaffWff, 7 K^, r 
H'^-^A, Ti, Ta, W, Pt, Pd, Ir, C 

< tt>-^cDKmzi>>tsztzvfmttz.. amm 1 ^ 

[»*J«1 7] HaEfflffi^»T«$iifcrL yS' 3 

^ 1 tC E« ^> 'J - > 7" L > >* 3 : ■ ffiff ;^ * 

[ISM 18] iaJ38MLiax-n»/il^, Ar, N2 , 
CO? , *.si»««n&eo,fifrWfre«:£Ci:*«f«i: 
te, IHM1 7 MB*©* y->7"l > x 3>ESJf'^ 

«ffl«l*«teH9E7 p U^S;a^-ffi«:*ft:CO: ^^81" 

[11*12 0] huEt-U >> 3^cfi^ **«:S»I, & 

6, aMl 9l3E«^«BWI*i-ta- 
[HfiKJH 2 1 ] ftuEn > > 3 > ffi*. J£J»tt-f ^ > ^> 

t£Ci:£^ah<r£K M*W2 0(CE«©«S«9|»S 

[!l*®2 2] (JBn>^a^St;, iiuErtteCOz 
»61. 87-^70. 3 1kgf/cm 2 (^8 
8 0—3^ 1 0 0 Ops i) (DE?]X-&aTZ>Ztift®L 

li^si 9tE»o»B«i»*sa. 

[IIM2 3] b5E7U>^3^BS*, ffijE*<tCO; 
ic, ^2 5"C~#j4 0t«TMt5:^^i: 

[flfjftH 2 4 ] HuE7 r L > > 3 vffit, BuEvSft- C Oi 

IIMl 9 CE*©«S«»*:^* 0 
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[§1*112 5] suK*#fMS*4A\ *MM*«>xy\, 
[BI.-KW2 6] tuBBT-U >>3>ffi^. ^fbT^V, 

>, siO: , ^vn^ k • 7>r > ■ * u 

H, Ti, Ta, W, Pt, Pd, Ir, Cr, 

[SMCJfl 2 7 ] ffis3#f*C O2 ^5 0 0 rpm^ 

2 5 0 0 r pmfffijtts: B*H 1 

DS?Stta>J&«ffl"r5-tS:«»4:t5s 9 £13 

[«*Jfl2 9] iTlI3^/J0flJ£, Ar, N 2 0, NH 3 , 
Nr , CH4 , C 2 H4 , CHF3 , Cz He , n-C 

3 He , H: Ofrb&S&frbmiRtZZ + 

»*Jfi2 8 ^S3«©*j6B*3»*.*iS. 
[fll*Jp:3 0] H(rt3*ffi?S(i«tf, '>fc< i:*i--oa)C 

[gR:KJR3 1] tfl83#f*C02 h5JB7U-> aVffi 
t::5fcS1"2.^tw, ?tfbtS^&^$^-f*, 8I#31 1 
9i:32*M>«Bftl*Sa&. 

[ffi*Jp3 2] liPIgWA ft*, 7 
.>Hx*A, W, Ti, Ta, Pt, Pd, Ir, C 
r, 7;'.*, Jgjfl, «*3!)»6«:S»fr67lW3jxfc'>3ti: 

[81*913 4 3 8M3«ffiffix--D\/JU#* Ar, N 2 , 
CO: , feS^li^cDS^«J^6^S^i:^^h1- 
Os M*E3 3tE«©aS«»*«a. 

[0 0 0 1 ] 

fjttt\ (RIE) ©ct^^x 

v i ^ m3i £ § i+ tt *#tmnt> ?> sswr * 



ft £MI L fc & £ ffift fix- d \/ a m i * h BM-(0 xe 

t>Mm£hi>o *«w©£&mu t*i>>3>^ wt 
jt^D-b^oiiR^nfcJsaic^^Ts a * ft as © ?s « 

[0 0 0 2] *^cDffe0^ffif*J?ttx 7*1 > > 3 > 

ftlili, EJfctt>f:r>xy*->.'/ (RIE) ©J;? 
x w * > 7C« £ g*U C S Wtt *> «Btt 

jiifflittx 7*i > v3^ -ffi^e>afflfts:»sr«©tc+» 

i7„j S tt > »ffc C 0 fflg©tfct: # o T I ' S *i £ 
Rfcfc*- S <5faifix - d •/ A' * ffl U S <£* OIS &] 3 

[ 0 0 0 3] 

^Ht>x»vf->:'- (RIE) fefT-JCtiiWWTil:. 
f.c C(0J:5^x-yf->^a©Bfitj(s, H^]C.'?^- 

[ 0 0 0 4 ] A 1 &/Sx y ^ : v (is .t.i9tt.»"7 

x7\j:t-iaa*iiisrsiD{r«fe"-ia^tc^i.6hT:u 

T'iiR I E^B^hG?^CO^-9^ 5 iS^(i. 

^oo^l7^>i0Ri E«ffft(i. *«tr.aw© 

Hfttt'W7±OR I E^SWiv $=B* 0 PX©B3j8 
*4fc£*S. %oT, **fta»4fr6RIE«B«& 

[0 0 0 5] 3©Jt*Ufc*»*Sift7 , D-fe7.tZ*l^T 

a © « ?£tts i^f-^^nfc ^*ftiiC*4 * / ^ c 



(4) 



®M¥l 0-125644 



[0006] cn&©§tt£<fcTm©ittii* 
r 5 k l t «es??L«Lft * tz c o 2 sm^t 

[ 0 0 0 7] LfrLttifib. iBH*aE*C02 ©J:-5& 

IftTS^ftJratfflos^k^SBShT^S. c© 
•fc 5 mZ&s Nishikawa^^ 

9 4 4, 8 3 7fPWSi;^^ntl^o^ 
N i sh i kawa^ii, &ftL±£fc&L$ titzBM 
/■±£fiJr£©.'** — > i^tlfcl/^ 

L^hJ&fcttStSXfli:, L>\xM8£\ £®Ji± 
c ffilt £ *idrj£© v < * - > ©&** t r> wMMZ flit l 
y.l MCtoWXii:, ffiUmZtiltUVZ MR 

A/t0 2>o Nishikawa^j^tan^ d© 

saJixstt, mmm tiiz i > ^ Ymzmfct-mzm 

C C £ ixfc U- > MR £ jBBSff* S 

[ 0 0 0 8] *9*SBi:*^TjBffi^*4ffiv^i 
©Wi % Mo r i t a f>©*nfti«B5 , 18 5, 2 9 
6 9^HB»*5«fcrJ t .#33«fff* 5 , 3 0 4, 5 1 5*f UH*ffl 

^JiMte^l^V^ilTl'^o ±«ELfcN ishik 
awa^;^ra©ct9l:s Mo r i t a^©3lffl£ 

[ 0 0 0 9] Zinger^aeM, "Compr 
essed Fluid Technology : Ap 
plication to RIE-Develope 
dResists", AICHE Journal, V 
o 1 . 33, No. 10, October 1978 T" 

[0 0 10] fflSJ^atfrfeffl^Tl^t^Wbt 
> >' a > ffifr 6 4 Hi* "J" S fe tf) t: iBMff Stt * ffl 
[0 0 1 1] 

+ 4 & ft© t -e s ssatstsru-;' >* a > n ^ a 
B^«»c*«t s c k i^tso 7i > -y 3 ymz<m 



[0 0 12] 

Ts #&BJ!I^ £©<fc5fcHBfl5**rr*7l > a> 
[0 0 13] »lT*fflOo Vl/>>3:f' kl' 

SB, », *fcfc^**;i-©«fc-5fc* 't*X£i§ 
t\ mmtk *sKi/cii&*>&i». n > > 3 

[0 0 14] *W«flHTffll»S "iSBSWtte" kl^Jf! 
Ts eSWi&STc J£TKT«i&<* SffE^jPc UTTii 

& t i*tt-T tw ft s *m ^ 2. o ffiffi^m*0:>mm± 

(0'£±temmz.'OV*T&, Kirk-Othmer E 
ncyclopedia of Chemica ITe 
chnology, 3d, Supplement Yo 
lume, pp. 8 7 2 -8 9 3*#S!?ftfcO« *ft 

n(i#3ST% SfeJi, Ar, NH 3 , N? , CH4 , C 
z H4 , CHFs , C2 He , n-Cs H« , H2 O, 

[0015] *«w©flh©*Jt«"eii, x-yf ^ 
r 1 > y a ^ as * fiififflx - n t tm $ ^ 3 o 

[0 0 16] *#«©» 3 «C0 2 
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[0 0 17] *«WO*4©^M*]-caU 2SBJ0«t 

t c>x * * > y 2 ntruy > 2 m^u&Moj 

£ + ft U ZkfrCD T T-I5ttfix - d \/ ;i/ 1 }gftfe f £ „ 
[0 0 18] 

ft &$^4>TT 7- 1 > > s > S 4**BHW«£f*C M"T 5 
:i:i:J:oT, xy*:, ^$nfc^l-> >'3 :-ffi*»^» 

[ooi9] n >>'3^ffi(i, rL-v^3>aj*iaHii 
st^ftc: mmtz wtwx v ^^re:^^ it * 

»r*ffl V »Tfr-5 Ck/nTSS. 7T >■ > 3 : Si 4 x y 
A 3 , EJttt'ftfVxyf-:,^ ( R I E ) , ^.-t^tr-A 

x-yf>-y(iBE) , 77X7i^^, i— trr 

RIE^ *»H3T«.RlCffiaT^5. ft;** "» 

[0 0 2 0] n^^aVffitx-/*; *Lfoik£.&t 

-fS, 7;1/Ut>a, Ti, Ta, W, Pt, P d , I 
r, Cr, y »*©-?^«7>— ^W±*S4r 

[ 0 0 2 1 ] ±iliLfcJ:^C WBSTffiM "7*1 

^'3^r case, n&v/zfci* 

fflt"S©lcjiL-fc7 , L > > 3 >ffil±s RR^^iie^OT 
lifcl^, -t-**K*4i:s Al, Si, W, Ti, T 
a, Pt, Pd, Ir, Cr, Cu, Ag(0±oU&ffi 

[0 0 2 2] WTCRWIi, R I E**fttJ;Jf4(:il#(Zi 

^i:^-Tx«y^>^^n^^ffeco?l^OT'i > y 3 ^ 
ItiMLT* S»T ft 5 - t J3H5Bt^ § T-$. 5c W* 

[0 0 2 3] H Hi, R I EBIBttttfT 5*#ftKW 



0O«*H**LTOS- SBlOli, 

■srs. rn-b^twu 21*. \q?<{> 

2 2, T^b^h2 4, *5«tlWH«.4t2 6*«-rS. 
AD^-f > 2 2 lis 7Dtxft>^' l 2£ISB5N&tt 

lZg«3ftfc»E#>:72'*^A2 8 4S-J-S. 
^m^2 6tt, R IE8S«g»i^oa*«r»Jf»L-S 

SKI OfcJU r£ h*^ h 2 4£jii-3T 
7 D -t . 7,9 V > ) ?1 2 ^ £li 5 j® Eg ^ < 1 4: JR ^ ^* X V- / 

tmfrlRl ESfiS^-feRftAI-SCt^T* 6&-=>«, 
T^Tii, C0 2 ^^U/^fciiAr©J:9^. 3 ^# 

£0 «fi»ttiB«»8fE<«iC02 Cti(i> 
ffll^ns^ t^(i. Ar, N: 0, NHi , , 
CH4 , C: H4 , C H Fa , C:> Ho , H: O, n- 

[0 0 2 4] *^^T*iis ft^>*9>5 '-FOSBfifilWt 

[ 0 0 2 5] *fc, IBa^ittt. *»*K«^e©R 

1 E^^©^*4:{S?i1-S^J!jc^J^fe(i^ffirSi^Jh 

[0026] *«we«fflt § s^ssttfflcDfiaii. 

[0 0 2 7] E]lil^-r^9i3 s *E# 

W 7 0. 3 1-^4 2 1. 8kgf/cm 

2 (fil 000-fi6 0 0 0psi) OE^l3*T'^fiS 

7^t: ;n 2HXSl)!iiltt2 10. 9 kg f /cm 2 
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[0 0 2 8] *«B8TffifflT S 5*4tt*CT4(i* R I E 
fc**#SW©«UU R«£ft2.*>©"t:i4fcoji>\ 
[ 0 0 2 9 ] *«lflt»fl8-rSiOUffll«6ix£^OOf& 

: . S^bv 'J3>, S i O2 , ?v T^E ✓ k • 7>T # * 

>*A, 77*-* , -f 'J >* ^ A , :*>DA, Pail 
*4, BaSrT i£fci4PbLaT i©Kflstt©4?& 

[0030] r i Eae«*^rs*«*Km, 
a, r i E^s^^K^^eift-i-rs^t+^ftfro 

[0 0 3 1 ] Mtt, 33BWT14. ^D-tx + t//; 
12rt©EMi. RIE*tSttFfc*©SS* ft7 0. 3 1 
-*'J 4 2 1 . 8kgf / cm 2 Oft 1 0 0 0 6 0 0 

0psi)T-$>5o Sfccffiacii, rn-t.x^>>/; 
1 2f«3©E.1jte* RI E«gftPft*©l5, ^210. 9 
k g f /cm 2 M3 0 0 0 ps i) T'£.& 0 
[0 0 3 2] SMt»2 6C4oTB£«2*U ^^c- 
^3 2H4-3TM»$ilS7 F D-t^f-^^.'U 2rt©« 
KtiU R I E«gflg|*£©RL »S!A*JK> *'J4 0°C-^ 
8 0-CT'$'5o ^icaf&ilte, 7Pt^twU2 
^©iflfili* R I EaB«»5feOHs ^4 0tT^^c 
[0 0 3 3] ^ittt^^R I E3e»*#?8&fc:|fti- 

£{1=©TTMU W3 0»HEj2fiFHL iBRJf fttttlCMI 

jtBffi#&tt^©f«l$F^ ±i£Lfc*fri:lsiL-*ff© 
TTt4«lRH"C-*&. 

[0 0 3 4] YV>? b 2 4 Silot7D-b^^> 

* D--TFU7 > * * * Jf^-T S 4 5 fc «■ tlBWI 
3*15. :©45tt^D-XK'J7»S(t HlUli 

[0035] rn-b^ + vm 2 rt-eaw-^fffc^a 

*f£> HtftOLn * h ©&M(4s ft 5 0 0 r p m~ft 2 5 
0 0 r pm, *?ffiU4ft 1 0 0 0 r pmffcS. 
[0 0 3 6] *«B80!R2©*ttffl£4ixK, RIE^ 



«#.SM4©4 5 fcx v ? V htz 71 > > 3 ^ ffifr 6 
fcMf-r 2>xf§i:, Wis &m$titz7l i, yavB4 

«4s R I E*»i*8»4-e*So 
[0 0 3 7] "attfix— 
;i" tl^ffl»S«4s Bit^xy b*7l -**i*U c 
©> xv b^ru-tis itfittB5E©:*f"*£«ttfc©iB 

^^h^rnsau »a£tt a. 
mo*:, , a*, fc4tf/*fc(4C02 i«tfStt«x 

[0 0 3 8] fifs«i-uv;i-tfffli^^>n*t, 
ftT *t T U 5 S * F££- 1" * © Iw + ^ f?s f^© T 
^*-Sii«4H«T»S. 

[ 0 0 3 9] *ftfl8©JB3 0*lSWT?J4, fl^Lfcxv 

&m t \X'm^zn*!if7&uv r i > ^3MSi4, riei: 

[0 0 4 0] *ft^OC©!S3©:-J£«iffJ(Cfflo6iX*S 

(is ±E.tf^6 l . 87^70. 3 1 kg f /cm : 
(^8 8 0-^1 0 0 Ops i) iX'^37^miS\S.t 

e C t i: 4 ot^f: ^ 2. 3tf ^ <t ^'CO: ^"a/L'T* 1 1 
$ ^C»ai(:tt^tt©CO? (is 1 . 8 7k 

g f /cm 2 (ft8 8 0 p s i ) *TiPE$ix*o 
[0 0 4 1 ] fc^S^U— K©3tf^tt©C02 ^fflix 

e> n £ ^ s *r x a : ^ » (c m ^ t tttt l H' t h s ^ ^> 

t r^3 ttt* 1 4 o T $ tl I ^ § T S> & o 
[ 0 0 4 2] 3©JB3©*«fifflTffll^nS.*frl^ ^ 

(i^Oc HBC CI©JB3©*JfiWT-tt. 7ot^f ^ 
W^©E*^ «S»©»4©P»x ft6 1 . 8 7^j 
7 0. 31kgf/cm ? (ft 8 8 0-^1 0 0 Ops 
i) x&Zo WCO: Mi^n^ 

,h^s 7D**f-*W*rt©E*ii*96 1. 87kgf 
/cm 2 »8 8 0 psi) T*5. 

[0 0 4 3] *«W©C©JB3©3?H5«T-fflue)n2.a 
Jg(is ft2 5*C-«4 O'CT^J, ^^tfff* 

I*J©fiK«4s «Sft©»*©», fi4 0WS. 
[0 0 4 4]«ttCO 2 SfflliS+^aS«l©l»* 
(4s -IS tlx W3 0^«2WPa©KHIrtT»e>tiS. 
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[0045] »C02 i WTfit^ns^ :n 

£T*±.tf L ■fc*ffigtt*JI? .fcttattDffl©? *>©-^4± 

[0 0 4 6] C©*3 0^WT'«#^ffll^iXSi: 
fflffaStt, #J5 0 0 rpm^2 5 0 Orpmt 

it. ft 1 0 0 0 r pmT-as&o 

[0 0 4 7] *«BI|©»4©X«BWt?(^ *JB»tt* x 

»*s*x*. ;offlii±, its x^vm^ 

TT- s ttSx- D 7. a- <h tm £ # * Xfi t & ^ 
[0 0 4 8] ^ftBBOC^lfiWTfflt^nslfiffifix 

©-?&*• 

[0 0 4 9] ft©fflU\ *ftHB©!5Iffl*^1-5©C# 

i^ne 0 ^n«p©w^ w^©fc*&©**£#jt?>*i5 
©r% ^p^tts ^©w>7*cpa«$ns^*Tttttii. 

[0 0 5 0] Ml 

[0 0 5 1 ] T>1 i-^l* • 7 -Y >©xy-^> 
7tK Mis 3*#Cffl4a©tt#*m-»T0i- * 

[0 0 5 2] tg2t, 8ra*©^xy\©--oTfc*X* 

t-^y-xknoy^ -7^ ^d>77 (s em) £ 

>j-To £©W©0 2~7C/jvr£T©SEM(i* 

fg**«fcir#**4fflirvc i OKEvx^T^nto * 

Ac, ±»*5<kV«ffi3b»6©H**1-o 0 2£tt, 
-£©±IC R I E«ff«3©f«ft**-rSR I E^x.n© 

[0 0 5 3] E2C**«fc3ftRIESStt**f 
tS^xy^ I31 £*1%J:5fcHff?-*>^©*t;: 
B2K£ftfco jfflBIMttffiyi— K©C0z (i, 
;7^bT^]4 10. 59kgf/cm ? M5 8 4 
Opsi) *tf-"P«flD£E$ix. Wff.*5^U'-7D-^E-K 

[0 0 5 4] «ffl©MK"C«U *x/\fr©-- 4 0 
°C©fijgh, 410. 59kg f/ cm 2 (5840p 



si) ©E*i:-C, ft2WfH«B*at*COz iz&UZ 
tltzo C©*ttTfflUfcSEM4:B3Jc?xf. d 
©SEMMU ^y->&**«:iSW4S-ro K*4iis ± 
fi3*^TT-jaffiS«*ii*8^tLSfj{c, Bffltc, RI 

[0 0 5 5] ffe©S?&Tii> »>x^«U 8 0'COSS, 
410. 59kgf/cra ; ( 5 8 4 0 p s i ) ©JBEtf 

x* 2 & n«niiL%^ tw^iifc. c © sare m^s 

EM*B4£>r*1". ^©SEMte, *:ftB9©S* 

S - i: tc <t R 1 EBB¥J©P*£-#i5 

[0 0 5 6] &(Dm&&s 3 0^, lB$&g, 2MfH©SL 
SBSffltmK 4 0tjo^4 10. 5 9kg f /cm 
: ( 5 8 4 Ops i) -Viftitltzo Cft&©*SIR4:SI 

5, 6, 7c-enfa^t. -+-*^^x.n^e©R i e 
astt©»*tt, 3 ot><£^ i*fctt2«pRg©.-*f* 5 «t 

[0 0 5 7] <*J 2 

52 0 0mm'>x.M©-ffl*s % »CO^ CMteft 

'Co 

[ 0 0 5 8] ^©7?--m*I^Jfifit?nfeSlBfttt, I3 8 

(flMH) t.^ns. :^x.'^ »#5iS5 0 0 

rpmt\ 2 10. 9 2 kg f /cm 2 ( 3 0 0 Ops 
i) &J;7J4 0TT- 1M, »»CO: icSR^ 
tlfc. [219 («ffit3) C^UoCs ±T©RIE«B 

WA\ cn6©*^TTK^6»*snTi»fc. 

[ 0 0 5 9] .*&0fl£, *©ffa^*«BWt-3l -Tt> 
U KWJLT*fcA\ a»*i:J:*i«, «M©SIiffc 

[ 0 0 6 0] ttAtl-X. XftWomtiLtzmiXVAT 

(1) CDS, rS, f-^^;i'**-TSiB^^SS«*»* 

W*S9iBffi*«S>»*re©t:+»3Cc*ft©TT, ^Sffi^ 
^t* * * z t * !T$a 1- s > 'J - y *7 

(2) mSB^L'^^3^fflA s , ***KW, #JR, XV 

( 1 ) HK«© ^ 'i - ✓ 71 > > a - ®;T.*^j 

( 3 ) mt&r I > > **«:KWT fc S C £ * 
*mttl>, ±E (2) tJB*©>y-^7U > V3> 

(4) BIB7^>y3^It, EU5tW.t>x-/f-; 
h*««t-TS. ±13 (3) tg3«©^U-^ n v 



(8) 



1 0- 1 2 5 6 4 4 



3 i'ffi^JBfiSSo 

(5) X7f: 5i6fi-f^>X'>f^yt:«fcoT 

±12 (4) izttmcot y-v7 

(6) «B«A : HJflcS*lTl»Sll9Effiic, ftBRfcicffla 

$*c#trC£fc«rafc-f** ±12 (1) lcE«0 5MJ 
— 7*1 > >*3 yffijfcjsi^&o 

(?) sniaaBj^aE^s Ar, coz , 

^rtT*&3i:4:«rai:1-S^ ±E (1) WB*©^U 
— ^ 7*1 > : ffiff^jsJc^^o 

(8) Mii&mRmttfi. co 2 Tfesct^att 

( 9 ) ME*"** 1470. 3 1 -tt 4 2 1 . 8 k g f / 
cm* (ft 1 0 0 0 -JRj 6 0 0 0 p s i ) OEtlX ffitt 
m&X&fclz9*t ZZtiftSLtt** ±E (1) (c 

(10) KEH::*J*\ #]2 1 0. 9 2 kgf /cm 2 
M3 0 0 0 psi) X-$>ZZt*tt9Ltt&, ±E 

(9) cEKG'^V-^n ^3>ffitfj«;&;i. 

C 1 1 ) ffiEB*. ^4 O'CCiBffTHuEfiBi 
^ittw#*-j-eci:*««i:'r&, ±E (1) lzE« 

(12) ffjEffi*. #J3 0^-ft2KPa©BB, RuEliSBi 
frm.ii9-9tZZtifflkt.tZ. ±E (1) £E« 
(5!")-:7li > a ✓ iB«JJ5E^?£. 

(13) ftE-MEO&Hltf. ftll*$IST-*S^£*5a 
tt*. ±E (1 2) tE«0^^-^rL > /aM 

(14) ffiE*»<H»**\ MMttfcfrx.'s 
Rffl&T-*.*Ci:41*ai:1-*, ±E (3) KEWG'J' 

(15) ffiE**ft-M*4*\ **{fc£x.> >T £ 5 - t £ 
fflitt&s ±E (14) M3*©£ V-^ 7*1 > > g 

(16) fiE/l^g^S^ ^{b^O, fifb* 

:^n, > va>, ^y>v=i>, gft^V3>, Si 
O2 , ^7^> K • 7-Y £ • , tf'M * K, 

^x^a, 

i, W, Ti, Ta, Pt, Pd, Ir, Cr, %R* 

mm, ^mmw-ttHfr $ a tiiztmt: 

StsZtitt&LttZ. ±E (15) tzHM<0W-> 

(17) 85Effi«JM«t*, iZmmlzmttZztZtt 
»tth. ±E (1) tCEUO^y-^ri-^ 

(18) B?iEfi«#«**, #J5 0 0 rpm^2 5 0 
0rpmXtil#tZZt*G9LttZ. ±E (1) £E 



(19) HuEJgffi^^i*-.*, 141 0 0 0 rpmXimt 
Z>Zt*ft9ittZ. ±E(18) tE«o-^y->^ 

(2 0) ffiEfflBSSEfrfcSt, i8fiDSJ£fcl**ffi«tt 
»I*ffiffl**£fc41*ai:-r3* ±E (1) HE«©* 

(2 1) SuESiP*]*. Ar, 0, NH3 , N2 , 
C H4 , C2 H< , CHFa , C 2 He , n-Cs H 

±E (20) iz tmo tV-^m'Va^ mte&15 

a. 

(2 2) i]E&j!jn#J2>\ Hr OTfc*;:i:*tt«fcT 

5, ±e (2 1) tcE«o^y-^^u ^ ->-3>ffi^rt 

(2 3) BljEffffiTSISffltf, 4>fc< h^-^C0CFx 

(20) icEIK© v u - > t* i > y 3 : ffijgjS 

(24) fjEaew*s^ r*. 7k*, 5-**. thu 

Ti, Ta, W, Pt, Pd, Ir, Cr, 7-;/ 

*, fix, ifi'b^e^A^nf:^^<^ - 

^j.7c.**#trCi:*fi«i:-r£, ±E (1) cEttoo 

(25) mztmRtiffi-T-muztiitT'i > >b^® 

aoTl»S±T©»BW«:«jE»«$tlfcrL > v 

□ ^i'fc»«$-a-5xs*$6c$tf3i:t«*ai:-r 

6. ±E (1) l3E*©*V-v:7l-S^3:, -WWMX 
(2 6) BIEtSffii«x-D*/;b^ Ar, Nr , CO 

±E (2 5) iZtm<D'/V->7l > > a; iUff^ic 
(2 7) MEgtStt*, «!Bx^>y$n3tri, > v 

SrdtfBfjE^L > >3^i«CO: irm^TSXfS 
(2 8) huE:/u >> 3>®^, ***K#4, # 

'J7-, fes^iiffisftr-^sc^i^atf ±e 
(2 7) £Ktt(DftS»K£:#£. 

(2 9) flE7*L >> 3>ffi^, **ft.KttT*S^fc 

^^ah-r^>, ±e (2 8) KE*©«s«gifc£:5a-o 

(3 0) fiE^l > > 3>tS^s M^f^x^y 

Sv^u-tfT^u-v 3>t:J;oTx7f> yi-sc 
i:^^ahr^>> ±E (2 9) tE«it»aiB«P»5fc* 

(3 1) ra^t>x^^^yi:j:o 
T^f^c^^^a^-r^, ±e (3 0) tzEttosgtti 



(9) 



1 0 - 1 2 5 6 4 4 



(3 2) miiy I > >*s-®£, iREiftttCOz 13. fa 
61. 87-^70. 31kgf/cm : (fa880~ 

ft i o o ops i) tD&jrtmnt&z t**$mtt 

*s ±12 (2 7) fcffi«©«BttH**;Sau 
(3 3 ) 85ffi7l >> 3>®£> SjSa**i*C0 2 fa 
2 5°C-fa4 O-CCD^JtT-^^l-^Ch^^^h-r^, 

±12 (27) cE»oaswi»*sa. 

(3 4) i5s37l->>'3^1^ lBEfilfrC02 fa 
!B (2 7) (36E«©»S«3l»*^?S- 

(3 5) tu^a^r^ mi#ffl?t>hz£*#m£ 

te, ±12 (3 4) lzE*cOSBflll$££i£o 
(3 6) HuK+^ftSSMtf, ^MM^xm, 

ftkCD . » ! * - - > $ ft*: BMSWe $> £ - h * 1" £ , ±12 
(2 7) £K«©KBttK*-5fco 

(3 7) mz*m<mni)K m^x'^s:^^ 

WaJbrs, ±23 (3 6) ^3E«©«B?!!ll»ife."5a. 
(3 8) Iul27-L > vaytfi#. *-nb*-*>", ^lb* 

fl, Ti, Ta, W, Pi, Pd, Ir, Cr, imn 

mm , S5R**-*t» * & 5 # * h mm ftfctm* 

Strct*«(»frs, ±12 (2 7) £S2*<£>8Sttl» 

(3 9) fflK«*tC02 £\ fa5 0 0 rpm^2 5 0 
OrpmX-tmtZZtZttMtTZ. hI2 (2 7) Iz 

(4 0) S5fiB*«:C02 £\ fa 1 0 0 0 rpmT«tt 
SCi:^i:t5s ±12 (3 9) t8B«©aSftl»* 

(4 1) b932«*COz fcftc. iWra«ifcttl*ffi«tt 
^J^toCh^htS, ±12 (2 7) CI2H!© 

(4 2) HUBa«»D«*, Ar, N: O, NHs , , 
CH 4 , C2 H4 , CHF3 , C: Hg , n-Ca H 

±12 (4 1) M2tt©«BW»£*3S. 

(43) mmmmtts m ot-$>z ztzttmt? 

5. ±12 (4 2) t;ffi«©HB^»*.^«. 

(4 4) ffiKWi&'TSttffl^ 'J>&< 3©CF, IT 

88**^tr»ffi?Stt*JT ft 5 ^ i: t S« i: T I* ±12 

(4 1) CJ3«©«Btt»***. 

(4 5) mz&fccoz m^yi'^y^ymzmm 

tZtflC fttothZttftnttZ* ±12 (2 7) t 
g3«o«Btt»**i*. 
(4 6) M8E«B«#s «R, 
^A, W, Ti, Ta, Pt, P d , Ir, Cr, 7y 



o©7c**^tr^i:*1Sai:-rs, ±12 (2 7) £E« 
tDSBttRfiS^a. 

(4 7 ) 89EfiB^«#lw|l«*iXfc7 p l,S,-s;3>ffi 
«oTC^±TOHB«I*»*-rscPlc+^*tt 

trchiRaii-r-s, ±12 (27) icgflK^aB^i^* 

(4 8) M2ffitt«x-n\/;i-#, Ar, N2 , CO 
12 (4 7) tffi«©SB«»*Sa. 
[ 0 1 1 ***K#*0 -t 3 r L' > >' a V ffifr 6 «B«5 

[0 2] R I E«B«J£fr*5 2 OOmmHl^x^ 

[03] 02O^x.'^l0|t^, 2 Brffal, 40°C, 
4 10. 5 9kgf/cm 2 (5 8 4 Ops i) TMBI 
WC0 2 tC*»Lfc«CD, 5 0KI3, 0 0 

nmCDSEMT'^So 

[04] t320^'^!82(Dfr^ 2B5PiU, 8 0*C, 
4 10. 59kgf/cm 2 ( 5 8 4 0 psi) 
JWSfcC O2 i-ftg I fc«<D, 5 0 KfS, »f&£ 6 0 0 
nm©SEMT'$)Sc 

[0 5] aZCD^x/^ffl* 3 CDK-^s 3 0^, 4 0"C, 
4 10. 5 9 kg f /cm 2 ( 5 8 4 0 p s i ) TMffi 
JMfcttCOz CfSL/^O, 3 5 KfS, SM8 5 7 
nmCDS EMT-$. 5o 

[06] @2it)^x'^4(D^ 40°C, 
4 10. 5 9 kg f /cm 2 ( 5 8 4 0 p s i ) X'B^ 
&m&COz CMlfcSfi), 6 0KIS, »ttUS5 0 0 

[07] H2©rtx;»©»50H-*, 2M, 40°C, 

4 10. 5 9kgf/cm 2 ( 5 8 4 0 p s i ) -C-fiffi 
IMMtCOz c*Sbfcf£0\ 6 0Kfg, (Bf*Jg5 0 0 
nm©SEMT£-5o 

[0 8] Bfb»Rl*ltxy^>^*tLfcM>f 7**:S-r« 
2 0 0mm*-*fr^x/>©» 1 (Z)H"*WBS^ 5>afc, 5 
KV, 6 0Kig, SM6 0 0nm©SEMTfcSo 

[09] jBWSjLSttiT- ^St^ to Rf b^H tx^f>^S 
n^^ r W7'^^1*5EI8cD2 0 0mm^-)xh©| 
2 OK-*, «BSA» ?>R.fc, 10KV, 6 0Kfg, »«S 

5 0 0 nm©SEMT'fe5 o 

1 0 

1 2 7D-t.7f 
1 4 KttV-y 

1 6 *anmM 

18 h-?^!ryh 



(10) 



ft&pz 1 0- 1 2 5 6 4 4 




(11) 



£pRI¥ 1 0 - 1 2 5 6 4 4 




21Q16E6GCS-8LPG. Garrison 
000015 5KV XiB:6K a> 5Mnn 



[07] 




[119] 



FA4 9G65-E 




7D> h^->*CD^# 



T^'M^H 10547 -a — 3-^7^| 
;b 1631 



(72)£PM ■ • DXV> 

TtViitS^M 06785 Zi^x-T^^h 

— h' 104 

r^U^^S 12524 -^l-3-^'>H 



